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Resumo&DUDFWHUtVWLFDVGDUHWHQomRGHiJXDHPXPGDGRHVSDoRSRURVRSRGHPVHUHVWXGDGDVDWUDYpVGDFXUYD
GHUHWHQomRRXFXUYDFDUDFWHUtVWLFDGDiJXDQRVROR&57DOFXUYDH[SUHVVDDUHODomRHQWUHRSRWHQFLDOPiWULFR
HDXPLGDGHGRPHVPRjEDVHGHPDVVDRXYROXPHHVHUYHSDUDIRUQHFHUGHPDQHLUDLQGLUHWDXPDHVWLPDWLYDGD
FXUYDGHGLVWULEXLomRGHSRURV&'3GHXPPHLRSRURVRDQDOLVDGR(VVDHVWLPDWLYDSHODGHULYDGDGD&5RTXDO
GiRULJHPj)XQomR&DSDFLGDGHGHÈJXD)&$$REWHQomRGHXPD&5SRGHVHUPXLWRGHPRUDGDHWUDEDOKRVD
GHSHQGHQGR GD GLVWULEXLomR JUDQXORPpWULFD GD DPRVWUD'HVVD IRUPD p GHVHMiYHO EXVFDU XPD DOWHUQDWLYD SDUD
VHREWHU D&5H VXEVHTXHQWHPHQWH D&'31HVVH VHQWLGR RSULQFLSDO REMHWLYRGHVWH WUDEDOKR IRL RGH DGDSWDU
PHWRGRORJLDSDUDDFRQVWUXomRGD&'3YLDVLPXODomRFRPSXWDFLRQDOHPLPDJHQVWRPRJUi¿FDV3DUDWDOHVWXGR
IRUDPXWLOL]DGDVDPRVWUDVGHDUHLDHHVIHUDVGHYLGURVFRPGLIHUHQWHVJUDQXORPHWULDVSDUDROHYDQWDPHQWRGDV&5V
SRUPHLRGHXPIXQLOGH+DLQHVDGDSWDGR'HSRLVGHVHUHPREWLGDVHVWDVIRUDPDMXVWDGDVDWUDYpVGRPRGHORGH
YDQ*HQXFKWHQHFRQVWUXtGDVDV&'3V)RUDPWDPEpPREWLGDVDV&'3VDWUDYpVGDDGDSWDomRGHXPSURJUDPD
FRPSXWDFLRQDOTXHODQoDPmRGHLQIRUPDo}HVGDVLPDJHQVWRPRJUi¿FDVGHVVDVDPRVWUDV$V&3'VREWLGDVDVVLP
IRUDPFRQIURQWDGDVHRVUHVXOWDGRVGRVGRLVPpWRGRVUHYHODUDPERDFRQFRUGkQFLDHQWUHVL
Palavras-chave FXUYDGHGLVWULEXLomRGHSRURV FXUYDGH UHWHQomRGH iJXD LPDJHQV WRPRJUi¿FDV VLPXODomR
FRPSXWDFLRQDOHPLPDJHQV
PORE DISTRIBUTION CURVE OBTAINED FROM TOMOGRAPHIC IMAGES ANALYSIS
Abstract: 6RLO ZDWHU UHWHQWLRQ FKDUDFWHULVWLFV FDQ EH VWXGLHG E\ WKH VRFDOOHG VRLOZDWHU FKDUDFWHULVWLF FXUYH
6:&& RU UHWHQWLRQ FXUYH :5& 6XFK FXUYH H[SUHVVHV WKH UHODWLRQVKLS EHWZHHQPDWULF SRWHQWLDO DQG VRLO
PRLVWXUHEDVHGRQPDVVRUYROXPHDQGFDQSURYLGHLQGLUHFWO\DQHVWLPDWLYHRIWKHSRUHVL]HGLVWULEXWLRQ36'
FXUYHRIDQ\SRURXVV\VWHPDQDO\]HG7KLVHVWLPDWHLVIURPWKHGHULYDWLYHRIWKH5&ZKLFKJLYHVWRWKH&DSDFLW\
)XQFWLRQRI:DWHU )&$7KHH[SHULPHQWDOGHWHUPLQDWLRQRI WKH5&FDQEHYHU\ WLPHFRQVXPLQJGHSHQGLQJ
RQ WKHJUDQXORPHWULFGLVWULEXWLRQRI WKHVDPSOH7KXV WKHGHYHORSPHQWRIDQDOWHUQDWLYHPHWKRGIRUREWDLQLQJ
:5&DQGWKHQ36'EHFRPHVGHVLUDEOH,QWKLVFRQWH[WWKLVZRUNDLPHGWRFUHDWHDQGDGDSWDPHWKRGRORJ\IRU
FRQVWUXFWLRQRIWKH36'YLDFRPSXWHUVLPXODWLRQLQWRPRJUDSK\LPDJHV)RUWKHVWXG\VDPSOHVRIVDQGDQGJODVV
EHDGVZLWKGLIIHUHQWSDUWLFOHVL]HVZHUHXVHGIRU:5&DFKLHYHPHQWE\PHDQVRID+DLQHV¶IXQQHO2QFHREWDLQHG
WKH:5&VZHUHDGMXVWHGXVLQJWKHYDQ*HQXFKWHQPRGHODQGWKHQZHUHEXLOWWKH36'V36'VZHUHDOVRDFKLHYHG
WKURXJK DGDSWDWLRQ RI D FRPSXWHU VRIWZDUH WKDWPDNHV XVH RI LQIRUPDWLRQ IURP WRPRJUDSKLF LPDJHV RI WKHVH
VDPSOHV7KHVH36'VZHUHFRQIURQWHGZLWKHDFKRWKHUDQG WKHUHVXOWVEHWZHHQ WKH WZRPHWKRGVVKRZHGJRRG
FRQFRUGDQFHV
Keywords: SRUHVL]HGLVWULEXWLRQFXUYHZDWHUUHWHQWLRQFXUYHWRPRJUDSKLFLPDJHVFRPSXWHUVLPXODWLRQ
1. Introdução
,QIRUPDo}HVVREUHRFRPSRUWDPHQWRGDUHWHQomRGDiJXDQXPGHWHUPLQDGRVLVWHPDSRURVRFRPRSRU
H[HPSORRVRORVmRGHJUDQGHUHOHYkQFLDSDUDVXDFDUDFWHUL]DomRItVLFDHKtGULFD7DOFDUDFWHUL]DomRSRGHVHUIHLWD
DWUDYpVGROHYDQWDPHQWRGHFXUYDVGHUHWHQomRGDiJXDSHORVRORRXFXUYDVFDUDFWHUtVWLFDV(VVDFXUYDH[SULPH
DUHODomRHQWUHRSRWHQFLDOGDiJXDQRVRORGDGRHPWHUPRVGHXPSRWHQFLDOPiWULFRHRVHXJUDXGHXPLGDGH
H[SUHVVRDEDVHGHPDVVDRXYROXPHGHVROR*,0(1(6
$FRQVWUXomROHYDQWDPHQWRVHID]GHPDQHLUDH[SHULPHQWDOFRPRVRORHPFRQGLo}HVGHFDPSRRXOD-
ERUDWyULRXWLOL]DQGRVHHTXLSDPHQWRVDSURSULDGRV6XDREWHQomRSHUPLWHHVWLPDU LQGLUHWDPHQWHR WDPDQKRGRV
SRURVGHXPDDPRVWUDGHVRORSRUPHLRGDREWHQomRGD)XQomR&DSDFLGDGHGHÈJXD)&$/,%$5',
&È66$52HWDO
0pWRGRVDOWHUQDWLYRVSDUDDTXLVLomRHFRQVWUXomRGDFXUYDGHGLVWULEXLomRGHSRURV&'3YLDDQiOLVHGH
LPDJHQVWRPRJUi¿FDVIRUDPDSUHVHQWDGRVHPDOJXQVSRXFRVWUDEDOKRVQDOLWHUDWXUDWDLVFRPRSRUH[HPSORVQRV
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GH/LQGTXLVWH<DQJHWDO8PDGDVYDQWDJHQVGHVVHWLSRGHHQIRTXHUHIHUHVHjTXHVWmRGDUHGXomR
GRWHPSRSDUDROHYDQWDPHQWRGHXPD&'3HGHTXHGHSHQGHQGRGDTXDOLGDGHGHXPDLPDJHPLQIRUPDo}HV
PXLWRPDLVGHWDOKDGDVGDPRUIRORJLDWULGLPHQVLRQDOGRVSRURVSRGHPVHUREWLGDVHHVWXGDGDV2XWUDYDQWDJHPGL]
UHVSHLWRDRPRGHODPHQWRGRPHLRSRURVRTXHSRGHLQFRUSRUDULQIRUPDo}HVVREUHDFRQHFWLYLGDGHHWRUWXRVLGDGH
GRDPELHQWHSRURVRGHXPDDPRVWUD
2REMHWLYRSULQFLSDOGHVVHWUDEDOKRIRLGHFRPSDUDUDV&'3VREWLGDVGDV&56FRPDVDGYLQGDVGDVDQi-
OLVHVGDVLPDJHQVWRPRJUi¿FDVGHDOJXPDVDPRVWUDVPRGHORFRPSRVWDVKRPRJHQHDPHQWHSRUHVIHUDVGHYLGURGH
GLIHUHQWHVGLkPHWURVHDPRVWUDVFRPSRVWDVSRUPLVWXUDVGHDUHLDFRPGLIHUHQWHVGLkPHWURV
2. Materiais e Métodos
$VDPRVWUDVXWLOL]DGDVIRUDPFRQVWLWXtGDVGHDUHLDVGHGXDVJUDQXORPHWULDVXPDGHODVFRPGLkPHWURVGH
SDUWtFXODVHQWUHHPPHDRXWUDFRPJUmRVHQWUHHPPVHQGRGHQRPLQDGDVUHVSHFWLYDPHQWH
GHDUHLDVPPHPP)RUDPFRQIHFFLRQDGDVWDPEpPDPRVWUDVKRPRJrQHDVFRPSRVWDVGHHVIHUDVGHYLGUR
GH6L2FRPGLkPHWURVGHHPP2OHYDQWDPHQWRGRVSRQWRVSDUDDV&5VIRLUHDOL]DGRDWUDYpVGHIXQLVGH+DLQHVDGDSWDGRVHQWUHSRWHQ-
FLDLVTXHYDULDUDPGHjN3DSDUDDVHVIHUDVGHYLGURHDDUHLDPPHGHjN3DSDUDDDUHLDGHPHQRU
GLkPHWURDPP$V&5VIRUDPREWLGDVXVDQGRRPRGHORGHLQWHUSRODomRGHYDQ*HQXFKWHQHDV&'3VGHOD
DGYLQGDVUHSUHVHQWDPDSULPHLUDGHULYDGDGD&5RXVHMDVXDV)&$V
$VLPDJHQVWRPRJUi¿FDVIRUDPDGTXLULGDVHPXPWRPyJUDIRGHPHVDFRPIHL[HGHJHRPHWULDF{QLFD
PRGHOR6N\6FDQGHDOWDUHVROXomRHVSDFLDOHQWUH+PSDUDDPRVWUDVGHFPGHGLkPHWURHFHUFDGH+m 
SDUDDPRVWUDVGHFPGHGLkPHWUR
2WXERGHUDLRV;GRHTXLSDPHQWRRSHURXHPN9H$HXPDFRPELQDomRGH¿OWURVGH$O&X
PPGHHVSHVVXUDSRVLFLRQDGRVHQWUHDIRQWHHRGHWHFWRUIRUDPXWLOL]DGRV7DOFRPELQDomRGH¿OWURV
YLVRXDUHGXomRGHDUWHIDWRVQDVLPDJHQVSURGX]LGDV2SDVVRGHURWDomRXWLOL]DGRIRLGHHDPpGLDGH
UDGLRJUD¿DVIRLDGRWDGDSDUDUHSUHVHQWDUXPDSURMHomR
8PDOJRULWPRGH)HOGNDPSPRGL¿FDGRSDUDHVVDJHRPHWULDGHIHL[HIRLXWLOL]DGRSDUDDUHFRQVWUXomRGDV
LPDJHQV(VWHSURFHVVRpUHDOL]DGRDSyVDFROHWDGDVLPDJHQVSRUSDFRWHVIRUQHFLGRVSHORIDEULFDQWHRVTXDLVVmR
GHQRPLQDGRVGH15HFRQH&7$Q9$=HWDO
2SURFHVVRGHVLPXODomRUHDOL]DGRSHORXVRGRSURJUDPDGH<DQJpHVTXHPDWL]DGRQD)LJXUDDSUHVHQ-
tada a seguir:
)LJXUD5HSUHVHQWDomRHVTXHPiWLFDGRSURFHVVRGHVLPXODomRGH LQWUXVmRGHPHUF~ULRUHDOL]DGRSRU
<DQJ
'HDFRUGRFRPDHTXDomRGH<DQJ/DSODFHHTXDomRTXDQWRPDLRURUDLRGRSRURPHQRUpDSUHVVmR
TXHGHYHVHUDSOLFDGDSDUDDLQYDVmRGRHVSDoRSRURVRSHORPHUF~ULRHYLFHYHUVD
5 
   

QDTXDO5pRUDLRGRSRURıpDWHQVmRVXSHU¿FLDOGRPHUF~ULRQRYiFXR3pDSUHVVmRDSOLFDGD
'HVWDIRUPDjPHGLGDTXHVHDXPHQWDDSUHVVmRXVDGDQDLQWUXVmRSRURVGHUDLRVFDGDYH]PHQRUHVVmR
LQYDGLGRVHRSURFHVVRVHGiFRPRQRH[HPSORGD)LJXUDFRPRPHUF~ULRLQYDGLQGRSRUo}HVFDGDYH]PDLRUHV
GRHVWUDQJXODPHQWRRXVHMDRFXSDQGRLQLFLDOPHQWHDSRUomRFRPUDLR5GHSRLV555H¿QDOPHQWHDSRUomR
GRSRURFRPUDLR55!5!5RPHQRUGHOHV
&RPRSURJUDPDGH<DQJHWDODOpPGHVHSRGHUVLPXODUHVVHSURFHVVRpSRVVtYHOFRQWDELOL]DUR
YROXPHQRFDVRGDDQiOLVHWULGLPHQVLRQDOFRUUHVSRQGHQWHDFDGDUDLRLQYDGLGRQRSURFHVVRVLPXODGRGHLQWUXVmR
O programa computacional opera da seguinte maneira:
,$RHQFRQWUDURSRURGHUDLRLQLFLDO5H[HPSOL¿FDGRQD)LJXUDRSURJUDPDRSUHHQFKHVHomRDVHomRGD
LPDJHPWULGLPHQVLRQDOFRPXPDVHPLHVIHUDGHUDLR5DWpTXHRLQtFLRGRHVWUDQJXODPHQWRRFRUUD2SURJUDPD
DWULEXLDRVYR[HOVSHUWHQFHQWHVDHVVDSRUomRGRSRURRYDORU5
,,$RHQFRQWUDURHVWUDQJXODPHQWRRUDLRGDVHPLHVIHUDPXGDHRSURJUDPDLGHQWL¿FDDPXGDQoDDWULEXLQGRDRV
SL[HOVGHVVDQRYDSRUomRRYDORU5RUDLRGDQRYDVHPLHVIHUD
,,,$RORQJRGRHVWUDQJXODPHQWRDFDGDVHomRXOWUDSDVVDGDRUDLRGDVHPLHVIHUDSDVVDDVHUDOJRHQWUH5H5
ı3
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555
,9(¿QDOPHQWHRUDLRGDVHPLHVIHUDSDVVDDVHU5
&RQWDELOL]DQGRVHRVYR[HOVHOHPHQWRVXQLWiULRVGHYROXPHGDLPDJHPWRPRJUi¿FDLGHQWL¿FDGRVFRP
YDORUHV5REWpPVHRYROXPHGRSRURFXMRUDLRGHFXUYDWXUDp5RVYR[HOVLGHQWL¿FDGRVFRPRYDORU5FRP-
S}HPRYROXPHGRSRURFRPUDLRGHFXUYDWXUD5HRVYR[HOVUHVWDQWHVVmRFRUUHVSRQGHQWHVDRVSRURVFRPUDLRV
GHFXUYDWXUDVHQWUH5H5
$VRPDGHWRGRVRVYR[HOVLGHQWL¿FDGRVFRUUHVSRQGHDRYROXPHWRWDO9
t
GRSRURDQDOLVDGR$VVLPREWHP
VHDGLVWULEXLomRGRVSRURVFRPRJUi¿FRGRV5VLGHQWL¿FDGRVFRQWUD959
t
5555RTXHUHSUHVHQWD
¿QDOPHQWHDFXUYDGHGLVWULEXLomRGHSRURV
3. Resultados e Discussão
$V&5VDMXVWDGDVPHGLDQWHDRPRGHORDQDOtWLFRGHYDQ*HQXFKWHQSDUDDVDPRVWUDVGHDUHLDVH
HVIHUDVGHYLGURVmRDSUHVHQWDGDVQD)LJXUD
)LJXUD&5VGDVDPRVWUDVGHDUHLDVHHVIHUDVGHYLGUR
1D)LJXUDVmRDSUHVHQWDGDVDV)&$VFRQVWUXtGDVDSDUWLUGRVSDUkPHWURVGHYDQ*HQXFKWHQHDV
&'3VREWLGDVDWUDYpVGDDQiOLVHGHLPDJHQVWRPRJUi¿FDVYLDRSURJUDPDGH<DQJHWDO
)LJXUD&RPSDUDomRHQWUHDV)&$VYDQ*(18&+7(1H&'3V<$1*HWDO
$SULPHLUDREVHUYDomRDVHUIHLWDUHIHUHVHjSRVLomRGRVSLFRVGDV&'3VREWLGDVYLDVLPXODomRHP
FRPSDUDomRjV)&$VREWLGDVH[SHULPHQWDOPHQWHYLD&5V'HDFRUGRFRPDOJXQVPRGHORVTXHWUDWDPGDUHWHQomR
GDiJXDSRUPHLRVSRURVRVVLPSOL¿FDGRVWDLVFRPRRVDTXLLQYHVWLJDGRVYHUL¿FDVHTXHDH[WUDomRGHJUDQGH
SDUWHGDiJXDGHVVHV WLSRVGHDPRVWUDVp IHLWDHPXP~QLFRSRWHQFLDO +,/3(570,//(5H0$621
02552:FRUUHVSRQGHQWHDSRURVGHFDOLEUHVPDLRUHV3HODREVHUYDomRGD)LJXUDFRQVWDWDVHXPDERD
FRQFRUGkQFLDHQWUHDVSRVLo}HVDSUHVHQWDGDVSHORVSLFRVDGYLQGRVGD)&$HPUHODomRj&'3JHUDGDSHORSURJUDPD
GH<DQJHWDO
1RHQWDQWRQmRVHSRGHGL]HURPHVPRHPUHODomRjODUJXUDDSUHVHQWDGDSRUHVVDVFXUYDV$PDLRUODUJXUD
DSUHVHQWDGDSHODV&'3VUHIHUHVHHPDQiOLVHSRXFRDSURIXQGDGDDRIDWRGHTXHRVSURFHVVRVGHLQWUXVmRHH[WUD-
omRGHiJXDQmRVmRH[DWDPHQWHGHPHVPDQDWXUH]DHGHTXHRHVWXGRGDJHUDomRGD&'3YLDDQiOLVHGHLPDJHQV
HQFRQWUDVHHPVHXVHVWiJLRVLQLFLDLVGHLQYHVWLJDomR
4. Conclusões
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2EVHUYRXVHXPDUHODWLYDFRQFRUGkQFLDHQWUHRVUHVXOWDGRVUHODWLYRVjV)&$VH&'3VFRQVWDWDGRSHODV
VHPHOKDQoDVHQWUHDVPHVPDV&RQWXGRLQLFLDOPHQWHSRGHVHGL]HUTXHSHORXVRGDVLPXODomRFRPSXWDFLRQDODQD-
OLVDVHXPDJDPDPDLVH[WHQVDGHSRURV
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